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SECTION  i 


INTRODUCTION 

In  aaaeasing  the  hazard  of  an  exploaive  under  operational  cor.di> 
tiona.  conaide ration  of  typea  of  initiation  which  arc  fureigr.  to  the 
opo  ration  con  Id  lead  to  c  lasaification  and  caata  far  exceeding  actual 
need.  The  intent  of  this  project  ia  to  eatablion  ealiatic  mcth’^da  o^ 
c lasaification  which  will  define  precautions  required  under  rcaiiatic 
operating  conditions. 

One  condition  of  grave  concern  in  this  area  ia  the  posaibilitv  of 
transition  from  burning  to  detonation  occurring  ;n  large  high  energy 
solid  propel!  tnt  motors.  Many  propellants  arc  known  to  be  detonabie 
under  extreme  conditions  of  shock.  If  all  propellants  exhibiting  this 
shock  sensitivity  were  handled  as  high  explosives  the  costs  of  large 
missile  manufacturing  and  storage  sites  could  be  greatly  increased. 

In  an  earlier  report  (Reference  lal  recommendations  of  a  series  of 
screening  tests  were  made  for  establishment  of  the  hazard  classification 

a 

of  the  propellants  in  end  items.  The  tests  of  this  series  could  necessitate 
testing  the  end  item  itself.  The  method  discussed  here  is  an  effort  to 
dev^i lop  a  laboratory  test  which  will  supply  the  same  type  of  imormation 
that  ia  obtained  from  larg«>scale  tests  but  at  a  much  lower  tost. 

'.‘•'1th  this  in  mind,  the  work  in  this  report  is  the  first  step  in  an 
attempt  to  determine  under  what  conditions  ol  therm.* ^  ie:  uio  haaard 

of  high  order  detonation  actually  exists. 


1 


SUMMARY 


A  new  approach  to  the  ctaHeifiratirin  of  high  energ/  propellants 
.lull  exploaive?  according  to  their  susceptibility  to  undergo  transition 
to  detonation  shows  promising  results.  Thus  far.  most  of  the 
materials  tested  show  a  critical  ptcsst.re  above  which  thi»  transition 
can  occur.  The  method  involves  the  burning  of  large  solid  cylinders 
of  the  material  under  consideration  in  a  closed  bomb  at  high  pressure. 
At  a  press'ire  which  is  ch.vrar*rristic  lor  each  composition  and  condi¬ 
tion.  the  burning  rate  vs.  pressure  curve  obtained  shows  a  marked 
deviation  from  the  results  predicted  from  strand  burning  teste.  This 
deviation  is  indicative  of  a  pre -detonation  reaction  which  takes  place 
in  the  explosive  and  which  could  proceed  into  detonation  if  sufficient 
material  were  available. 

At  the  present  time,  this  method  can  determine  the  gross 
detonation  characteristics  of  propellant  materials  --  those  which 
will  undergo  DDT  and  those  which  will  not  --  under  most  severe 
conditions.  Future  developments  will  be  aimed  toward  determining 
how  such  factors  as  size,  physical  condition  and  geometry  udll  affect 
the  detonability  of  these  propellant  materials  so  that  a  quaniiv.'.tiv** 
hazai  ’i  evaluation  can  be  made.  This  will  eliminate  the  need  for 
expennve  testing  programs  on  fulUacale  motors. 

This  interim  report  covers  data  obtained  by  this  propossd  method 
for  two  secondary  explosives  and  a  number  of  rocket  propeUaate. 
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SECTION  III 
CONCI^USIONS 

It  appears  from  results  of  these  tests  tliat  for  each  of  the 
materials  studied,  there  is  a  critical  pressure  above  which  the  tran¬ 
sition  from  deflagration  to  detonation  (DDT)  can  occur.  This  is  he* 
lieved  be  the  result  of  a  surface  cracKing  or  erasing  which  increases 
the  burning  surface  and  the  rate  of  pressure  rise  to  a  point  where  a 
shock  front  can  form.  The  existence  of  this  condition  is  considered 
necessary  DDT  tu  uc;  .ir.  I.'  enough  explosive  material  were 
available,  the  shock  front  could  reach  sufficient  intensity  to  establish 
a  detonation  in  the  explosive. 

The  application  of  this  test  to  explosives  and  propellants  should 
eventually  give  a  basis  for  a  quantitative  evaluation  of  these  materials 
in  terms  of  critical  transition  pressure,  slope  of  the  transition  curve 
and  minimum  charge  diameter.  This  would  make  possible  classifi¬ 
cation  of  these  materials  as  to  severity  of  the  conditions  to  which 
they  can  be  subjected  before  the  danger  of  DDT  will  exist.  It  would 
also  make  possible  a  study  of  the  effects  of  temperature,  porosity, 
particle  size,  crystal  size  and  other  physical  variable*  on  the 
detonability  of  existing  propellants  and  new  materials  ae  they  sre 
developed.  This  test  will  be  a  valuable  tool  in  the  development  of 
new  formulations  to  study  the  effect  of  composition  and  proceesiag 
modifications  on  the  detonability  of  high  energy  material i. 
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SECTION  IV 


RECOMMENDATIONS 

Thi^  method  of  testing  shuuld  be  used  to  classify  propellants  and 
"xplopives  as  to  the  possibility  of  transition  to  detonation  taking  place 
after  ignitio>i.  In  its  prc5i.;nt  staivK.  of  development,  this  testing  mcUiud 
can  be  used  to  establish  the  gross  detonation  hazard  characteristics 
cf  ..  wltcii  subjected  to  tne  most  severe  conditions  of 

temperature  aii.t  ry.  For  Urge  missile  motors,  it  can  replace 

costly  tests,  such  as  fire  hazard  tests  on  fulUscale  motors,  which  are 
generally  run  to  determine  their  transition  to  detonation  (or  explosive) 


characteristics. 


SECTION  V 


STUDY 


Background; 

Generally,  the  classification  of  an  explosive  matct  iai  has  been  based 
on  its  ability  either  to  burn  or  its  ability  to  burn  and  detonate.  Th’.s  >• 
the  basis  for  ICC  Classifications  A  and  D  --  tested  for  by  building  a  fire 
under  the  item  ti?  b*-  -i'..  '  •  *  ■'  •  _  ;  rrv’!.  TV; 

Forces  use  a  similar  basis  for  classification.  Class  2  represents  fire 
hazards  (violent  burning  without  detonation  or  explosion  or  projection  of 
missiles  of  appreciable  size  or  range).  Class  2A  represents  fire  hazards 
wliich,  under  certain  conditions,  are  capable  of  low  order  detonations. 
(These  ;nay  mass  detonate  under  very  heavy  confinement.)  Class  9 
materials  are  capable  of  mass  detonation  and  include  many  of  the  higher 
energy  compositions.  The  ability  of  a  material  to  undergo  transition 
from  deflagration  to  detonation  is  not  considered  in  this  classification, 
smce  only  the  final  condition  of  detonation  is  of  concern. 

As  long  as  propellant  compositions  remained  essentially  nitrocellulose 
and  nitroglycerin  mixtures  and  were  made  in  fairly  small  sized  units, 
this  method  of  classification  was  adequate.  With  the  devclopmom  «*i' 
compoflit**  propellants  and  new  high  energy  formulations,  tlie  20%  n:i.> 
glycerir.  concept  (which  had  been  established  as  the  dividing  line  between 
Class  2  and  Class  9  for  N.  C.  types)  no  longer  cove*  «  thi  field.  For 
very  large  propellant  motors,  booster  eeneitivity  tests  w>  nut  *«11  the 
entire  story  either  . . .  since  there  are  numerous  factors  which  will 
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affect  the  ability  of  such  a  unit  to  detonate.  Conditions  of  temperature, 
mass,  particle  size,  geometry,  porosity,  aging,  etc.  will  markedly  affect 
the  ability  of  a  propellant  to  detonate.  It  may  also  markedly  affect  its 
ability  to  undergo  transition  from  deflagration  to  detonation. 

From  an  economic  standpoint,  the  detonability  or  non-detonability  of 
a  propellant  will  have  a  tremendous  effect  not  only  o!i  the  cost  of  propel¬ 
lant  manufacturing  facilities,  but  also  on  tlie  cost  of  handling  large  solid 
propellant  motors  and  in  the  storage  of  large  motors.  Therefore  it 
becomes  important  to  find  a  method  of  evaluating  the  possibility  of 
transition  taking  place  under  f:orm  .1  conditions  of  firing  or  under  ab¬ 
normal  conditions,  such  as  accidental  or  defective  ignition  or  the 
development  of  defects  in  a  propellant  grain. 

Existing  test  methods  for  evaluation  of  sensitivity  fall  into  two  baaic 
categories:  1)  those  involving  thermal  ignition  (ignition  temperatures, 
friction  pendulum,  thermal  decomposition  tests)  and  Z)  those  involving 
shock  initiation  (booster  sensitivity,  gap  tests).  Some  methods  (drop 
test,  bullet  impact  test)  are  a  combination  of  both.  None  of  these  gives 
direct  information  about  the  basic  property  of  the  material  which  defines 
its  susceptibility  to  undergo  transition  from  deflagration  to  detonation. 

In  this  report,  a  method  is  presented  by  which  a  general 
this  properly  can  be  made. 


10 


Theoretical  basis 


Kistiakowsky  (Reference  1)  debcribed  this  mechanism  for  the  develop¬ 
ment  of  detonation  in  a  large  mass  of  granular  or  crystalline  explosive 
ignited  thermally  at  a  localized  region  within  the  bulk;  As  the  explosive 
burns,  the  gases  formed  cannot  readily  escape  betv/een  the  explosive 
crystals  and  a  pressure  gradient  develops.  Th;o  crease  in  gas  pressure 
causes  an  increase  in  burning  rale  .‘'him,  in  turn,  causes  .<11  increase  in 
pressure  with  constantly  increasing  velocity.  This  condition  results  in 
it.e  iormatioii  ol  shock  waves  which  are  reinforced  by  the  energy  releas-t^ 
by  the  burning  explosive,  tlicse  eventually  reach  an  intensity  where  the 
entire  energy  of  the  reaction  is  used  for  propagation  of  the  shock  wave, 
and  a  stable  detonation  wave  is  produced.  A  critical  size  exists  for  each 
material  above  which  this  deflagration  can  pass  over  into  detonation  under 
proper  conditions.  Below  this  size,  the  burning  will  first  increase,  then 
fall  off  as  the  material  is  consumed.  The  transition  to  detonation  is 
considered  largely  a  physical  process  in  which  the  linear  burning  rate  of 
the  bed  of  material  increases  to  the  rate  of  several  thousand  meters  oer 
second,  although  the  individual  particles  are  consumed  at  the  rate  of  only 
several  hundred  inches  per  second. 

The  validity  of  this  mechanism  for  propellants  in  granular  form  has 
been  demonstrated  by  a  number  of  investigators  (Reference  2  v'.r.d 
V/hile  -his  mechanism  is  applied  to  granular  material,  why  should  it  not 
apply  a.,  well  to  composite  or  homogeneous  propellants,  if  the  growth  of  a 
shock  front  can  be  shown  (Reference  4)  which  it  accompanied  by  a»' 
increasing  break-up  of  the  surface  of  the  propellant?  Analysis  of  the 
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data  from  the  following  experiments  iuoicates  that  this  is  a  possible  ex¬ 
planation  of  this  phenomenon  in  solid  propellants  and  explosives. 

The  apparent  non-detonability  (through  transition)  of  nitrocellulose 
propellants  may  be  .ittnhuted  to  the  dense  surface  preventing  deflagration 
from  taking  plact  ;n  the  interstices  of  the  materials.  I»»  spite  of  this, 
under  conditions  (such  48  low  ternpcr.iture)  where  the  pr  'pellant  becoi.'es 
very  brittle  or  possibly  c  r  ysttlluve  ihv  f .  pi  ope  Hants  have  blov^..  up  gun 
tubes.  For  composite  propellants,  the  continuous  and  highly  elastic 
niiurc  oi  ihe  uinuer  pioPioiy  prevents  tin:’  type  of  reectior  However,  it 
has  been  shown  that  m.any  ni^hl/  r.l.istic  lals  «iki!l  uudeigo  brittle 

failure  when  stress  at  very  high  strain  rates  is  applied  (Reference  S  and 6). 
Experimental  Approach 

If  it  is  assumed  that  the  surfcice  burning  theory  holds  for  the  release 
of  energy  to  support  detonation  behind  i  shock  front,  and  that  the  tre¬ 
mendous  increase  in  burning  rate  in  detonation  is  due  to  a  large  increase 
in  burning  surface  due  to  a  breaking  up  or  surface  cracking  of  the  explosive 
material  at  the  shock  front,  then  by  developing  a  technique  for  studying  the 
burning  rate  of  a  propellant  composition  as  it  progresses  into  the  very 
high  pressure  ranges,  a  basis  for  evaluating  its  relative  susceptibility  to 
detonation  might  be  found. 

Rased  on  experience  with  some  cannon  propellants  in  closed 
tests  --in  V  '-uch  une.xpectedly  high  rates  of  change  of  pressure  were 
observed  ••  was  considered  possible  that  the  closed  bomb  technique 
might  be  used  to  demonstrate  the  properly  ui  d«itoiiabiiity  for  rocK.-t 
propellants.  It  had  been  found  that  when  the  tested  lot  of  cannon  propellant 
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deviated  from  normal  behavior,  the  occurrence  of  high  rate  of  change  of 
pressure  started  at  a  reproducible  specific  pressure.  Since  the  burning 
rate  law  holds  for  these  propellants  up  to  high  pressures,  a  reasonable  ex> 
planation  is  that  surface  cracking  or  crazing  occurred  under  the  pressure 
r.nd  thermal  stress  of  llie  reaction.  This  increase  in  burning  surface  is 
believed  the  initial  itep  in  the  transition  fiom  deflagration  to  detnn.t'iion 
and  the  v.ritical  pressure  and  the  rate  which  the  increase  in  surface  area 
occu-8  can  be  calculated  f't'.m  me-t snrments  made  in  the  closed  bomb. 

The  calculation  of  linear  burning  rate  from  closed  bomb  measurements 
has  been  sta.idard  procedure  ifn  many  years  (Referen»..e  7  and  81.  From  a 
consideration  of  the  original  geometry  of  a  grain  of  material  and  a  know¬ 
ledge  of  the  rate  of  change  of  pressure  in  the  bomb  when  the  grain  is 
burned,  the  linear  burning  rate  at  any  particular  pressure  can  K*  calculated. 
This  calculation  assumes  that  the  grain  is  ignited  uniformly  over  its  entire 
Buriace  and  always  burns  normal  to  that  surface.  However,  it  surface 
cracking  or  crazing  should  occur,  the  c:i! related  linear  burning  rate  wdll  be 
far  in  excess  of  the  value  expected,  and  the.  increase  in  surface  area  can  be 
calculated  from  this  apparent  increase  in  linear  burning  rate.  Details  uX 
these  calculations  is  in  Appendix  A. 

RESULTS 

1 .  TNT 

To  -determine  whether  the  closed  bomb  method  would  throw  any  light  on 
the  burr.ing  of  high  explosives,  cylinders  of  TNT  were  prepared  with 
diameters  of  1  "  to  1-1/4"  and  lengths  of  1"  to  J".  Tlir*  •  --y  *ere 

machined  from  soHd  blocks  of  TNT  which  had  been  carefully  cast  to  make 
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certAJn  that  fhoy  conttint-d  no  vo«dn  or  fiorosj^v  AJI  ‘ho  rylindprii  wett 
machini'd  from  (hr?  h  im«‘  blo<  k  tiid  wt  *•  ronstidered  to  htve  .ipjiroxinmlcly 
the  sjme  crv»t*lline  tif  rut  lute  Th*.»»«'  cylrr.drrs  w*.  1 1  |>I  iced  in  a  standard 
200cc  closed  bomb  v'ltii  a  si-inluriod  <  vl«tidi“  J1  iiid  tired  with  u  small 
amount  ol  Gr  ido  AS  bl  .<  k  powt.*  -  .i.d  .n  MlAl  Squibb.  Ti  .t  infts  ol  typical 
oscillof;!  ims  reiiultiiig  from  Me  t  :  mijb  ••  ;ii  K-jiiire  i.  These  repr*»cen. 
a  series  ol  fir^njts  rnide  w.th  t>Iir.de:*i  ol  1  NT  .?  *  .  r  uiiis  lotding  drnsitiee. 
In  the  first  of  these,  i  line  m  oi;  »  •  t*  fl  -<  ij*  ••“•■nf  ir.c  the  trace  which  should 
have  bt^trn  ob*  lined  ii  tin  evli:*di  •  i;l  TNT  h  d  burned  eorni.liy.  However 
in  e  ifh  c  ;  se  i  mi  ked  de\  .  .*  .oi  •  •  i  ■■  .nj:  sn  ,1  o«  i  vir  rttl  f*.  000-R  000  psi. 
In  examining  these  tr  icings  it  must  be  r emerribe red  th.*t  the  standard 
closed  bomb  instr  umert  tion  produ*  »  s  m  tisr.'.log*  ni  of  dp/dt  vs,  P  and 
thjt  the  horizonl  .l  .xi.“  n  prestnts  P  vd  *he  ve*lii  1  ixis  represents  rate 
of  ch-.r^ge  of  P  Tht  sciJi  lo  v  iied  to  h»vr  the  tr  tce  fill  the  oscillogram. 
The  caicuiaied  at  lies  of  P  nd  dp/dt  t-.  ,ddt.d  to  tlu  tr  4c:ngM 

When  linear  but  rung  r  »t»  s  were  t  il«  il  *«  d  tlu  se  tr  ices,  the 

results  in  Tibie  1  ,nd  Figure  »I  w-f  obt  m- d  A*  'Vit  »ge  l«ne  is  drawn 

for  burning  r  ttes  calcui  .tr’d  ftiim  rl'*;  « l'«s»  d  bomb  tent. 

To  establi  sh  the  I  r  ue  hurr.mp  r  I  for  TNT  st'  t:ds  1/8"  X  1/8"X7'' long 
were  prepared  by  cuffing  them  from  blt'cr  ot  TNT  simil.ti  i..  .*"■  ■! 

previously.  These  str  mds  were  bu’-iied  in  •  strind  burner  uaine  th- 
stoiiidaiU  technique  at  pressures  from  I  000  psi  to  20.000  psi.  The  test 
re.*«u)te  're  ini’..ideH  m  Figu- c  2 
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The  resiilm  in  Figure  2  mhow  that  the  calculated  closed  bomb  burning 
rates  approximately  coincide  with  strand  burner  result  up  to  about 
6,000-6,  000  psi  and  then  sha*  aly  curve  upward.  This  "apparent"  increase 
in  burning  rate  is  consistent  with  the  assumption  of  an  increase  in  burning 
surface  which  occurs  on  the  cylinder  due  to  surface  crazing  or  cracking. 
Figure  3  showa  a  graph  of  the  expected  surface  urea  vs.  pressure  (to.vc.' 
curve)  assuming  normal  geometry  during  burning  of  the  grain  and  the 
'••■I  ..  ■ .?  v.j-  >  ;  ..j  .  .  .*  T?****  -  2  ’ry  • 

the  dn/dt  of  thr  herr'h  test  with  the  actual  linear  burning  rate  from  the 
strand  burner  (upper  curve;  This  shows  an  increrse  in  surface  area  of 
close  to  20  times  for  TNT. 

It  \vas  desired  to  determine  whether  the  change  of  slope  in  Figure  2 
was  strictly  a  pressure  and  thermal  effect  and  independent  of  the  amount 
o.(  TNT  burned.  Therefore,  a  technique  was  devised  whereby  a  quantity 
of  thin  sheets  of  a  very  fast  burning  propellant  was  loaded  into  the  bomb 
with  the  TNT.  On  ignition,  this  material  burned  quickly,  giving  an  initial 
high  pressure  and  temperature  to  the  bomb  before  any  appreciable  burning 
of  the  TNT  took  place.  This  technique  permits  a  larger  mass  of  TNT  to 
be  present  at  higher  pressure.  Measurement  made  in  this  way  allowed 
virtoaUy  no  change  in  the  pressures  at  which  the  cliange  in  aiupe 
plAcc  Ir  the  lower  part  of  the  curve  or  in  the  slope  of  the  luiddic  pz.-^'  > 
the  c>:\  ve.  However,  an  increase  in  the  slope  of  the  upper  part  of  the 
burning  rate  curve  did  result.  Thi.s  tends  to  conf'  *ti  th'^  that  there 
is  possibly  some  minimum  mass  of  explosive  necessx:  to  the 

formation  of  increasing  burning  surface.  This  area  will  be  further 
investigated. 


5est  Av^ 


C4i  j 


15 


2.  Composition  B 

Cylinders  of  Composition  B  prepared  in  a  manner  similar  to  the  TNT 
samples  were  then  burned  in  the  bomb  at  varying  loading  densitiee.  To 
obtain  adequate  ignition  of  Composition  B  it  'vas  necessary  to  use  a  small 
amount  of  sheet  propellant  as  igniter.  This  nnasked  that  part  of  the  curve 
below  about  5,000  pai.  However,  strands  cut  from  the  same  block  of 
Composition  B  as  the  cylinders  were  burned  m  the  strand  burner  to  obtain 
the  normal  burning  rate  vs.  orrt«siir«»  curve  fTable  U  and  Fienre  4  and 
The  conclusion  is  that  the  break  in  the  Composition  B  curve  occurs  about 
4,000- 5,000  psi.  The  slope  of  the  ctoscd  bomb  curve  past  the  transition 
may  be  even  greater  than  tliat  obUined  for  TNT.  The  surface  area  vs. 
pressure  curves  for  calculated  normal  burning  vs.  actual  closed  bomb 
burning  of  a  sample  of  Compoaition  B  ia  in  Figure  6. 

3.  ARP  Propellant 

A  sample  of  ARP  piwpellani  was  subjected  to  the  closed  bomb  test, 
to  tstablish  the  applicability  of  the  closed  bom*'  technique  to  determine 
detonability  of  high  entrgy  propellants.  Figure  7  shows  a  series  of  tssts 
resulting  from  increasing  loading  densities  up  to  about  0.40.  When  in¬ 
creased  to  0.43  by  preloading  with  sheet  propellant,  a  change  in  slope 
occurred  at  about  35.000-40.000  psi  similar  to  thost  obtains^  lo.  T::T 
and  Composition  B.  This  was  accompanied  by  a  disintegration  of  c:.r  i.. 
the  sitala  in  me  bomb.  Unfortunately,  each  time  conditions  were  used  in 
which  the  trar  .ition  was  expected  to  appaar.  the  rate  of  energy  release  was 
so  great  that  some  part  of  the  bomb  seal  was  destroyed  and  s  art  **  the 
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trace  was  lost.  A  bomb  is  being  designed  to  hold  the  pressures  produced 
and  measure  transition  pressures  similar  to  those  obtained  for  TNT  and 
Composition  B. 

Table  Ill  and  Figure  8  how  a  plot  of  linear  burning  rate  vs.  pressure 
calculated  from  the  available  data  for  the  ARP  propellant  burned  with  and 
without  preloading.  The  linear  burning  rates  obtained  with  the  strand 
burner  are  almost  coint'ident  witi  those  cali'ulated  from  the  closed  l*umb 
at  pressures  of  10,  000  ps?  and  above. 


A  sample  of  highly  sensitive  experimental  propellant  was  then  sub¬ 
jected  to  this  deton:ibility  teat.  This  material  had  been  found  to  be 
detonable  with  No.  6  blasting  cap.  Cylinders  of  different  diameters  were 
tested  and  pressures  up  to  85,000  psi  were  obtained.  A  sharp  transition 
was  no^ained  at  about  15,000  psi  (Figure  9).  Also,  the  fall-off  from  the 
maximum  dp/dt  begins  at  a  much  lower  percentage  of  the  maximum  pres¬ 
sure  than  for  the  high  explosive  samples.  Figure  10  and  Table  IV  show 
the  data  and  a  plot  of  the  linear  burning  rates  calculated  from  the  cloeed 
bomb  traces.  The  strand  burner  curve  was  extrapolated  from  low 
preesurt  dau  since  strande  of  this  material  were  not  a/ailable  for  high 
preestire  testing.  Figure  11  shows  the  surface  area  relationehip  between 
expec.ed  area  and  supposed  actual  area  obtained. 

5  Ro’<'.n  l>  Haas  Propellant 

t  eatnple  of  QZ  propellent  compoeition  was  obtained  from  Rohm  and 
Hens  «t  Redstone  Areenel,  Hunteville.  Alebama  Th<c  mztetUl  is  the 
tame  propellent  compoeition  that  detonated  in  «.  1,00d-,iou<id  mctor  in  the 
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summer  of  1959-  While  the  failure  of  this  motor  was  attributed  to  some 
porosity  of  the  propellant  or  poor  case  bonding  in  some  areas  (Reference  9). 
there  is  little  doubt  that  the  explosion  was  high  order. 


The  samples  were  machined  to  cylinders  of  1.25"  and  1  ■  50"  diameter 
and  tested,  first  at  70*F  and  then  at  -60*F.  Figure  12  shows  traces  of 
typical  oscillograms  from  these  tests.  The  70*F  tests  showed  normal 
burning  rates  when  calculated  up  to  90,000  psi.  The  low  temperature  test 
showed  an  abrupt  cliange  from  normal  burning  at  about  55.000  osi.  The 
increase  in  burning  surface  calculated  from  this  apparent  increase  in 
burning  rate  is  of  ‘he  order  cf  four  tiaies  and  is  in  Table  V  .  .  .  as  are  the 
apparent  burning  rates.  While  this  increase  in  burning  rate  is  small 
compared  to  some  of  the  other  naaterials  tested,  the  abrupt  change  at 
only  low  temperature  indicates  the  development  of  an  undesirable  property 
which  might  lead  to  a  hasard. 

Discussion  of  Results 

A  preliminary  study  of  the  data  obtained  for  the  ratio  of  cylinder  area 
to  supposed  actual  area  ••  the  area  that  would  exist  if  normal  burning  took 
place  with  .no  break>up  ••  indicates  the  existence  of  a  diameter  below  which 
the  continued  cracking  or  increase  in  surface  area  stops  and  the  explosive 
tends  to  return  to  normal  burning.  This  occurs  because  there  it, 
sufficient  material  available  to  develop  a  shock  wave  of  sufficient  inten;,ity 
to  gu  to  detonation. 
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Figure  13  shows  the  ratio  of  surface  area  from  closed  bomb  to  expected 
surface  area  for  the  same  cylinder  of  TNT  presented  in  Fig.tre  3  (assuming 


no  break-up  takes  place).  This  shows  that  the  ratio  increased  until  about 
50%  of  the  mass  of  the  grain  was  left  (determined  from  percent  of  P  max). 

An  equivalent  study  for  a  Composition  B  cylinder  in  Figure  14  shows 
that  the  increase  in  surface  did  not  start  to  level  off  until  about  ‘^0%  of 
the  grafn  was  consumed. 

The  "Experimental  Frooellant"  was  tested  in  cylinders  of  different 
diameters  and  the  changes  in  burning  rate  as  a  function  of  geometry  were 
calculated.  It  was  found  l.hat  wr  cylinders  of  two  different  diameters,  in¬ 
creases  in  surface  area  were  obtained  as  long  as  burning  proceeded  to  a 
diameter  of  about  .78  inch  -•  the  same  for  both  sizes  tested.  This  indicates 
the  possibility  that  there  is  a  minimum  diameter  characteristic  of  each 
material.  It  may  explain  why  in  earlier  work  on  burning  of  explosives  in 
a  closed  bomb  by  Duck,  Epstein  and  Jacobs  under  the  NDRC  (Reference  1 1 ), 
the  high  burning  rates  described  in  this  report  were  not  observed,  since 
the  explosives  were  burned  in  small  grains. 

An  analysis  of  the  relationship  of  unburned  fraction  and  remaining 
diameter  to  the  changing  burning  surface  for  Rohm  and  Haas  QZ  Propellant 
■hows  that  tha  burning  surface  stops  increasing  when  the  diametf  '  of  the 
grain  reaches  0.8  inches  at  -60*F  and  then  decreaeee  back  to  iioi  *'  burn.V.g. 
If  sufficient  mass  were  available,  it  ia  believed  thia  increasing  burning  area 
would  oe  Rtaintained  and  might  be  eufficient  to  sat  up  the  conditioni  neceeeary 
for  transition  to  detonation. 
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In  addition  to  the  data  reported  above,  a  number  of  other  less  sensitive 
materials  were  tested  in  the  bomb,  with  and  without  preloading.  OIO  pro¬ 
pellant  taken  from  "Honest  John"  grains  were  tested  in  1"  diameter  cylinders 
and  Polysulfide  Perchlorate  propeilant  samples  from  XM30  motors  were 
tested  and  found  to  give  normal  traces  up  to  pressures  ui  80,000  psi.  This 
indicates  that,  at  the  temperature  of  testing  and  in  the  p..yfical  condition  of 
the  tested  samples,  transition  to  detonation  from  normal  burning  could  not 
occur  unless  conditions  were  more  severe  than  those  used  in  the  tests. 

The  correlation  of  severity  of  conditions  in  the  bomb,  with  the  severity 
of  conditions  whi  'h  might  be  en'-ount-  red  in  actual  burning  still  needs  to  be 
investigated.  Since  the  Rohm  k  Haas  QZ  propellant  is  considered  to  have 
detonated  in  a  7,000-lb.  motor  on  a  test  stand  after  high  pressure  conditions 
were  obtained  because  of  porosity  and  poor  bonding  (Reference  9),  the 
possibility  exists  that  the  shock  conditions  resulting  from  the  high  pressure 
development  in  this  lest  motor  might  have  induced  this  material  to  undergo 
transition. 

The  question  has  been  raised:  Is  it  possible  for  cracking  or  erasing  of 
the  surface  of  this  material  to  occur  due  to  hydrostatic  pressure  applied  in 
the  bombV  Considering  the  rapidity  of  the  rate  of  preeeure  rise  under  the 
conditions  of  the  bomb  test,  it  is  conceivable  that  hydroetatln  condition*  are 
not  attained  within  the  time  that  the  event  occure;  rather  en  unbaianevd 
develops  in  the  grain  giving  rise  to  a  tenelle  etrees  in  the  material.  For 
crystalline  Puiterials  like  TNT  the  cracks  could  develop  in  the  crystal 
boundaries.  Confirmation  uf  this  might  be  obtained  if  casting ;  of  TNT  <' ' 
different  cryetsl  size  were  subjected  to  the  Closed  Bomb  Test.  Different 
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rates  of  change  of  surface  area  should  be  obtained  for  the  different  crystal 
sizes.  For  Composition  B,  the  brittle  matrix  of  TNT  plu?  the  interfaces 
of  the  RDX  particles  probably  lowers  the  pressure  and  dp/dt  at  which  this 

I 

phenomenon  occurs.  For  propellants  which  are  more  elastic  in  nature, 
this  mechanism  does  not  occur  until  very  high  pressures  and  rates  of 
change  of  pressure  are  reached.  The  fact  that  b.dtle  fracture  occurs 
for  highly  elastic  materials  at  very  high  rates  of  strain  has  been  demon¬ 
strated  by  J.  W,  Jones  (Reference  5  and  6). 

In  any  case,  the  pre-detontation  reaction  is  probably  a  function  of 
the  three  conditions  of  pressc.  s,  rate  of  change  of  pressure  and  temper- 
ature. 

It  is  believed  that  any  explosive  or  propellant  material  which  can  be 
detonated  should  exhibit  the  phenomenon  of  the  pre-transition  reaction  and 
critical  pressure  described  in  this  work.  In  the  case  of  very  sensitive 
primary  explosives,  the  level  of  the  controlling  parameters  required  to 
start  high  order  detonation  is  so  low  that  they  cannot  be  measured  by 
present  techiuques.  For  "non-detonable "  composites  or  single  base 
propellants,  it  is  possible  that  the  pressures  and  rates  of  change  of  | 

pressure  required  are  extremely  high.  Efforts  are  being  made  to  develop  ^ 
the  technique  Into  a  practical  teat  of  propallants  at  much  higher  preaaurea 
eo  that  any  materials  which  can  be  detonated  with  high  expiu-iv**  HnAster^ 
can  five  a  positive  test  in  the  closed  bomb.  After  this  techn4que  has  been 
worVsd  out,  entire  seriee  of  propellants  in  use  in  existing  miisiles,  and 
those  compositions  undsr  devsiopment.  will  bs  subjec^d  *o  thi«.  test  for 
the  purpose  of  classification. 
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Future  Work 


A  program  has  been  undertaken  to  design  a  high  pressure  vessel 
capable  of  making  the  required  measurements  up  to  400,  000  psi.  The 
principle  being  explored  is  that  of  a  disposable  unit  which  will  hold  the 
pressure  long  enough  to  make  the  necessary  measurements  of  pressure 
and  rate  of  change  of  pressure.  The  design  of  a  transducer  with  a 
frequency  response  sufficiently  high  (200>SOO  KC)  to  obtain  accurate 
measurements  is  also  being  investiaated. 

To  relate  the  results  of  this  test  to  actual  conditions  in  a  large  motor, 
in  effort  is  being  made  to  estab’-ish  relationship  between  the  rate  of 
pressure  rise  which  might  occur  in  a  large  mass  of  propellant  and  the 
time  to  tensile  failure  of  this  mass  of  propellant,  if  a  small  defective 
area  should  exist  {one  containing  a  porous  section  in  which  the  surface 
are>  available  for  burning  is  much  larger  than  normal).  If  it  can  be 
shown  that  the  local  pressuree  obtainable  under  reasonable  concbtions 
of  defects  are  in  the  range  of  the  critical  preasur*  required  for  the 
pre>trans«tion  reaction  to  occur,  then  it  is  considered  reaeonable  to 
aesume  that  traneition  from  burning  to  detonation  ie  poeaibie  in  tha 
given  full  scale  grain. 
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APPENDIX  A 

METHODS  O?  DATA  REDUCTION  AND  CALCULATIONS 


.4PPENDIX  A 


METHODS  OF  DATA  REDUCTION  AND  CALCULATIONS 

I.  Linear  Burning  Rate 

A.  Theory 

The  linear  burning  rate  is  the  rate  nt  whirh  he  burning  surface  of  a 
prope'lant  recedes  in  a  direction  normal  to  the  flame  front. 

!f  IS  I'C  K.irwirp  nroereds  during  any  time  interval  dt,  then 

dx/dt  IS  the  hnear  burning  rate. 

By  assuming  rhai.  all  surfaces  of  the  burning  propellant  burn  al  the 
lame  rate,  and  by  using  a  known  geometry,  the  linear  burning  rate  can  be 
deduced  from  the  mass  rate  of  burning.  By  the  assumption  of  a  suitable 
equation  of  state  the  mass  rate  of  burning  can  be  deduced  from  the  rate  of 
cltauge  in  pressure  surrounding  rha  Kurning  propellant  in  a  closed  vcssal. 

For  particles  of  known  shape,  surh  as  perforated  or  solid  cylinders, 
the  closed  bomb  (iitcd  with  a  rapid  response  pressure  gage  is  a  suitable 
ttperimenUl  apparatus  (or  determining  the  linear  rate  of  burning  of 
propellants  nr  eicplosives  at  any  pressure. 

The  apparatus  produces  an  oscillographic  trace  nl  pieao«cr;gir.Ui*d 
voUages  as  measures  of  the  rate  of  change  uf  pressure,  dp/dt,  asu 
prcenure.  P.  Sample  traces  are  shown  in  Figure  I.  The  rate  of  change 
of  preasure  ta  calculated  from  the  ordinate  voltage  *nd  th  pressure 
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from  the  abscissa  voltage.  V^, 
nation  of  gage  constants. 


after  appropriate  calibration  and  determi 
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The  maximum  pressure  (at  the  end  of  burning)  can  bb  used  to  measure 
the  combined  temperature  and  gas  molecular  u  eight  function,  thus  completing 
an  expression  for  the  equation  of  state  in  terms  of  Z,  the  weight  fraction 
burned,  andP.,  the  pressure  due  to  prepressurizing  and  igniter,  if  any, 
wliete  K  .  and  Kj  are  equipment  ‘‘('nstants; 
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To  simplify  calculations  the  term  (m^/iii^)  a^  is  considered  negligible 
because  of  the  relatively  small  quantity  involved  in  m^,  the  mass  of  igniter 
and  prepressuriiing  materials. 

The  geometry  for  solid  cylinders  ot  propellant  or  explrsives  burning  on 
all  surfaces  is  stated  in  terms  of  fraction  burned,  Z.  and  dimension  remaining, 
(d«2x}  and  (h>2x).  at  any  time: 

Zi,  (5) 
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The  derivative,  dp/dZ,  may  be  found  from  equation  4  and  the  deri 


vative  dZ/dx  from  Equation  5: 


dp/dZ  =  fj 

(Z) 

(6) 

dZ/dx  = 

(X) 

(7) 

The  linenr  burning  rate  can  be  calculated  from  Equations  2,  6,  and  7: 

""  (dp/dZ)  ^dZ/dx) 

B.  Calculation  Method. 

The  Equations  4-3  have,  in  principle,  been  rc-arranged  by  lAr.F. 
Wallace  (Kelerence  o>  to  a  forui  Huiiahie  fur  direct  bulutiun.  The  solution 
was  made  in  terms  of  the  surface  area  (S^)  at  any  value  of  x.  With  slight 
modifications,  Wallace's  equations  were  used  to  convert  the  closed 
bomb  tiata  to  linear  burning  rates. 

The  equations  used  for  this  solution  for  a  solid  cylinder  are  listed 
helnw.  These  equations  were  programmed  for  solution  in  an  IBM  3S0 


computer. 
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(P„^„  ^  (P-Pj)  (•■»>)  D 


A-  ' 


E  =  1  +  Kg  tl-Z) 

(14) 

U  E<1 

0  =  cos'^E 

(15) 

S^/V^  =  [l-Z  cos  (6O*+2/30)]  K6 

(16) 

U  EZl 

"1 

S^/V^=  [([eme^  -1)^  !)' 

t]  i/3) 

^l]  K, 

dx/dt  =  - .. 

1  (1  +  .?)  ^  (18) 

C  B  V 

u 

In  these  equations  certain  special  cases  had  to  be  recognised  to  allow  for 
discontinuities  introduced  by  algebraic  and  trigonometric  solutions.  When  .i 

diameter  exactly  equals  length,  a  discontinuity  arises  in  (Equation  9)  for  K^. 

% 

Ar,  increment  of  0.01  inch  is  therefore  added  to  one  dimension  for  this  special 
vase.  If  the  quanUiy  E  is  lese  than  unity  a  cosine  procedure  is  used  (Equation 
15):  if  equal  to  or  greater  than  unity  a  cube-root  nmeedure  is  used  (Equation 
17).  Either  procedure  leads  to  which  it  then  used  in  the  finsl  equation 

(Equation  1 8)  with  the  experimentally  obeerved  dp/dt  to  calculate  the  linear 
burning  rate  dx/dt. 

II.  Equivalent  Surface  Areas 
A.  Theory 

Whnn  Unset  burning  ratsa  of  single  cylinders  of  propellant  or  sxploaive  are 
found  from  closed  bomb  data  using  the  aolid  cylinder  geometry  as  described 


A.4 


above,  the  results  compare  well  with  strand  burner  results  below  a  certain 
characteristic  pressure.  At  other  pressures  the  burning  rate  so  calcu¬ 
lated  must  be  regarded  as  an  "apparent"  burning  rate  because  it  deviates 
a  great  deal  from  strand  burner  results. 

This  suggests  that  the  general  configuration  may  be  cylindrical,  but 
the  surface  may  be  full  of  cracks  or  may  be  breaking  into  small  pieces, 
with  the  strand  burning  rate  governing  the  reaction  for  each  burning 
parade.  Combining  experimentally  determined  rate  of  pressure  rise, 
dp/dt,  and  pressure,  p.  with  »trand  burning  rates,  dx/dt,  permits  solving 
for  a  surface  area,  Sx,  which  will  reflect  the  abnormally  high  mass  rate 
of  burning. 

Thus  P,  dp/dt,  and  Pmax  found  as  before  Equations  1,  2,  3.  The 
equation  of  state  showing  total  pressure  as  function  of  fraction  burned  is  also 
applicable  (Equation  4).  Likewise  the  fraction  burned  is  related  to  the 
burning  cylinder  dimensions  by  Equation  S  for  a  smooth  cylinder.  In 
Equations  8  and  18,  however,  the  predicted  linear  burning  rate  from 
strand  burner  data, 
dx/dt  a  ap** 

would  be  used.  Then  from  Equation  18  the  equivalent  c.rc& 
repra  enting  surface  area  of  cracks  and  convolutions  on  the  surface  of  a 
rough  cylinder.  The  equivalent  areas  are  found  to  proceed  through  a 
maximum  (Figure  3)  before  reaching  aero  during  burning. 


APPENDIX  B 
TABLES 


t 


CLOSED  BOMB 


Test  #7 


Ttflt  #10 


Teit  #24 


trading  Density,  g  co-.  It 
Max  Pressure,  psi-14,  310 


Loadimj  Density .  g  e.  lliS 
Max  Pressure,  i>si  -23,600 


Lo,*'.!'.n.j  Der.sity,  g/cc-,  350 
.Max  Pressiiie  psi-63,650 


Diameter,  in-1.00 
Length,  in- 1.01 

dp  dt 

.  .,-3  -5 

PXIO  XIO 

Burning  t<*te 
in  sec 

Fraction 
Burned  (2) 

Diameter,  in -1.00 
Length,  in -1.65 

dp  dt 

-3  -5 

PXIO  XIO 

Burning  R.Lto 
in  sec 

Fraction 
Bunted  (Z) 

Diameler. 
Ll/nn:,  m 

PXIO 

m-1 . 2!; 

-2, 'JO 

dp  dt  . 

^  isuiiiiiig  Ki 
XIO  in/sec 

2.11 

.  23/ 

.  iw3 

3.  39  .448 

.  439 

.  162 

12.  •• 

25,  7 

13,6 

3.  52 

.315 

.  475 

.264 

6.  OS  1.07 

1.  13 

.286 

It).  •) 

6  4.  6 

37.5 

4.34 

.  46<J 

.719 

.  rsc 

8.  "7  2.09 

3.08 

.407 

20.  -> 

;03. 3 

61. 3 

6.  35 

.751 

1.35 

.467 

I  1 . 46  6. 90 

8.81 

.522 

24.9 

.31.3 

80.1 

7.76 

1. 36 

2.72 

.565 

14.15  I2,6 

18.6 

.634 

28.9 

)  .S5. 0 

97.9 

9.  17 

2.08 

4. 88 

.  662 

16.84  18.3 

>2.6 

.742 

33.0 

;70.o 

112.3 

10.  S 

2.86 

8.23 

.757 

19.53  21.1 

51.0 

.847 

37.0 

185.  1 

129.4 

11.9 

3.68 

14.3 

.850 

22.22  16.6 

77. 6 

.949 

41.0 

i'S.  3 

141.5 

45.  1 

1:7.  5 

146.4 

Test  #12 

Test  #  1 4 

Test  #51 

Loading 

Deniit)’,  g 

CC-. 221 

Loading  Density,  g 

CC-.273 

Loading  Density. 

g/cc-.  197 

Max  PreSiure,  psi-3S,88S 

Max  Pressure,  pii-41,286 

Pre-Loading,  ptn- 

■5,000 

Diameler,  in-1.00 

Diameter,  in -1,25 

Max  Pressure,  psi 

-36,  170 

Length, 

tn-1.95 

Length,  in -1.55 

Diameter, 

'•■-1.08 

Length,  in  1,45 


PXIO'^ 

dp,  dt 

-5 

XIO 

Bumiziy  Rate 
io/iec 

Fraci  ion 
Burned  (Z) 

PXIO'^ 

dp.  dt 
-5 

XIO 

Blirnitu)  Rate 

in  fee 

Fraaion 
Bunted  (Z) 

4,74 

.978 

.71 

.159 

13. 1 

23.8 

20.9 

,  35 1 

6. 75 

1.71 

1.27 

.223 

19.3 

54.8 

49.3 

.537 

8.77 

3.18 

2.41 

.286 

25.4 

78.5 

82.9 

.681 

10.8 

6.60 

.5.  18 

.34? 

31.6 

83.9 

116.4 

.813 

12.8 

13.9 

10.6 

.407 

37.8 

50.6 

130.2 

.9.36 

16.8 

32.0 

28.8 

.522 

20.9 

47.0 

47.0 

.632 

24.9 

56.7 

66.8 

.738 

26.9 

56.7 

74.6 

.788 

PXIO 


Ip  dt 

g  Burning  Rale 
in /sec 


X!0 


*  e  U4I 

9,  8h 

27. 'O 

?:.o 

!  .-.r 

3t).  5 

it:  0! 

49.0 

19.  12 

62.4 

62.7 

22.21 

72.8 

81,4 

25.  30 

96.3 

28.  39 

62.4 

97.5 

B-1 


4 


DATA  FOR  TNT 


;  ^r25 

Tost  #20 

Test  #23 

line) 

Doiisii) , 

9  .'C-.  587 

coa  Jill.) 

Di 

nsity. 

■1  CC-.273 

Loading  Density*, 

g/cc-.  330 

t  Prejsiiw  jisi 

-72,0-K) 

Ma.x  Pr.- 

SltU 

r.‘.  psi 

48.  150 

Max  Pressure,  psi 

-55,900 

neu 

r.  in -1.2 

5 

Duiiifit 

r. 

m-1.  J 

5 

Dinincter, 

in-1.25 

irh, 

in -2.  20 

Lc  ii.ith. 

in 

1 . 5S 

i.^ngth,  in 

-1.85 

.ip  .it 

xio’^ 

Bi:niiii9  Rau* 
in  See 

Fraction 
Bunit'.l  (Z) 

PaIO"' 

vlp  tit 

XU)  ' 

BiirniiU)  Rate 

in  Sec 

Fraction 
BurnciI  (Z) 

p.xio'^ 

dp,  dt 

xio'^ 

Burning  Kate 
in /sec 

Fraction 
Burned  (Z 

21.  n 

1 1 . 6 

. 

.  o 

10.5 

.  325 

12,8 

26.9 

16.9 

.  302 

54.9 

29.7 

.531 

15.8 

Ss.  1 

40.6 

.  394 

1C.  8 

56.0 

36.2 

.386 

104.  4 

57.0 

.400 

Is.  9 

^4.  .» 

.  461 

20.9 

89.  3 

59.7 

.  4C.5 

146.  5 

81.0 

.462 

2 : .  9 

•'S.  5 

.  S2(i 

24.9 

108.  / 

75.8 

.539 

!75.  4 

98.9 

.521 

24.9 

!i’ ; .  0 

82. 1 

.588 

28.9 

128.0 

94.3 

.610 

19n.  li 

113.0 

.  57s 

27.9 

■:)'*.  ! 

93.5 

.648 

33.0 

132.  3 

104.6 

.677 

213. U 

127.3 

.63,! 

31.0 

•  :o. ' 

103.7 

.70S 

37.0 

135.6 

117.3 

.740 

222,  7 

138.9 

.682 

41.  1 

121.6 

118.8 

.800 

222.7 

146,  4 

.731 

213.0 

149.9 

,  776 

Veil  »5i 


«  „  r>  ,  a  . 

Vi.-.  197 

oadinc.  )8i- 

10,000 

Prelsiire,  jisi 

.45,060 

eter,  in- 1. Ob 

h,  111-1.45 

.  Jt 

-3  .5 

■CO 

Biiniiii  j  Rate 

in  sec 

Fraction 
Hiinied  (Z) 

26.0 

18.2 

.099 

1  49. 9 

36.5 

.2W 

68,  6 

52,8 

.297 

85.  3 

69.7 

,  <91 

98  .8 

86.  y 

.482 

107.  1 

103.0 

.570 

1 10. 2 

1(8.0 

.655 

107.  1 

I33.S 

.737 

8H,  4 

133./ 

.818 

CLOSED  BOMB  AND 


Tell  #61  Ttit  #62  Test  #68 


Loading  Density, 

9  CC-.  1 10 

Loading  Density, 

g  t:c-.  1 10 

Lu^^ding  Di 

g, CC-. 165 

Pre-Loading,  pai- 

none 

Pre-Loading,  )«i- 

S,(X)0 

Prc-Loadim,,  p:* 

10,000 

Max  Pressure,  psi 

-20, 620 

Max  Pressure,  jui 

-27,900 

Max  Pressure .  i>ii 

■50. 675 

Length,  in 

-l.Oo 

Length.  Ill 

-1.06 

Di.irri'rpr, 

in- ' . 1 

Diameter, 

in -0.800 

D!amettfr, 

\njy  ©or* 

Length,  in 

-•.2U 

-3 

dp  dt 
-5 

Burning  R^te 

Fraction 

dp  dt 
-5 

Burning  Rate 

Fraction 

.-3 

dp  dt 

..  ...-5 

Burning  Ra6 

PX-n 

XIO 

in  tec 

P-rred  (Z1 

a  #i  *«> 

•,  r 

2.23 

.52 

.46 

.  I'S 

7. 10 

6.84 

5.41 

.098 

12.30 

6.2- 

3.24 

i.  8S 

1.U4 

.97 

.  197 

s.  ;s 

n.3t 

9.  3(1 

.  172 

15.23 

24.96 

13.66 

S.48 

2.34 

2.32 

.279 

10.  IS 

13.  bO 

13.  S7 

.246 

21.08 

67.60 

40.6) 

7. 10 

2.60 

2.75 

.360 

11.98 

21.84 

20.11 

.319 

26.93 

1 19. 6 

81.08 

8.72 

4. 16 

4. 76 

.440 

32, 78 

164.3 

131.53 

10. 35 

5.46 

6.83 

.519 

38.  63 

182.0 

185.6 

11.98 

8.32 

tl.S.S 

.597 

41.55 

176.8 

214.6 

13.60 

9.liS 

15.61 

.675 

47.40 

104.0 

243,9 

Test  #64 

Test  #65 

Test  #70 

Loading  D 

ensify. 

•j  e.-.  110 

Loading  ueiuity. 

<1  CC-.  1 10 

Loading  Density, 

g  ee-.  220 

Pre-Loading,  f<i- 

2,500 

Pre-Loading.  |«i- 

5,000 

Pre-Loading.  pSi- 

10,000 

Max  Preuure,  |#I 

-24.260 

Max  Pressure ,  [«i 

-27.  <'jn 

Max  Pressure,  psi 

-66,  432 

Diameter, 

in -1.06 

Diameter, 

in-1,06 

Diameter. 

in  ‘  .  06 

Length,  in 

-0.800 

Length,  in-0.800 

Length,  in 

-l.tiO 

dp  dt 

lip  lit 

dp  dt 

1 

.5 

burning  Rate 

Fraction 

Huniimi  Rate 

Fraction 

•  5 

Burning  Rac< 

PXio" 

XIO  ^ 

in  see 

Burned  (Z) 

PXIO 

aXIO  ■ 

in  tec 

Burned  (Z) 

PXIO  * 

XIO 

in  sec 

3. 85 

2.05 

1.69 

.066 

7.  :o 

7.28 

5.80 

,099 

16.  Y 

50,:: 

21.83  1 

5,48 

4. 16 

3.55 

.  145 

8.73 

13. 52 

11.30 

.  174 

CO,  e  1 

;  i 

40. 64 

7.10 

8.  32 

7.49 

.223 

10.  ,»s 

21.84 

19.24 

.249 

.  1.  .S 

-1 

64.  41 

S.73 

13.52 

12,90 

.300 

11.98 

28.08 

26. 23 

.323 

>  1 .  'I  > 

133.7 

10. 35 

18. 72 

i9.o: 

.377 

13.60 

34.32 

34.22 

.396 

33. 70 

Xis.s 

171.3 

11.93 

24.96 

27.40 

.452 

15.23 

39. 52 

42.43 

.468 

3'>.60 

346.7 

207.2 

13.M 

28.08 

33.60 

.527 

16.85 

45.76 

53.52 

.541 

47.40 

310.0 

283. 

15.23 

33.28 

44.07 

.602 

18.48 

49.92 

64.  53 

I*  '  ' 

Si..w 

377.9 

313.  g 

16. 85 

36.40 

54.49 

.675 

20. 10 

53.04 

77.  .38 

.682 

18.47 

38.48 

67,21 

.747 

21.73 

54.08 

91.78 

./S2 

TABLE  U 


CLOSED  BOMB  AND  STRAND  BURNNC  DATA  FOR  COMPOSITION  B 


T-.-tt 

Loaiii:;.!  DtiisiU’,  ,i  I'c-.  i' 
Pri.- -Loadi:..j,  [>5i-10,000 
Max  PrcMiiro,  psi-50.  p  ’."' 
Dianietct,  m-l.C6 
Lenyth,  in- 1.20 


I  ril  »69 

U}aJmij  Orntity.  (|  cc-.  220 
P*.  -Ljaiiini),  |ai-b.000 
Max  Pressure,  (>si  5S, 
Diampii-r,  m-’.0^ 

Leigth.  iti-l.M) 


fen  #66 


Loadiwi  Dpnsit  .  >i  c.  -.  110 
Pre-Loading,  f..  lO.lKKJ 
M  »x  BreMuro  -  <4,  HO 
Otameter,  lu-'.dP 
Length,  m  C.  '  x- 


.} 

dp  dt 

Bur.'. in  ;  :  > 

'■  Trapl.x'n 

.3 

sip  ii; 

-5 

P.XIO 

•XlO'^  . 

giir..d(7) 

P-XIO 

vto 

12.30 

6.24 

*  'Jft  ' 

7. 75 

6.  ^4 

15.2.1 

24.ge  ' '  '  ■ 

’  4t 

!  !  is 

t  *  .  *.<4 

21. OS 

67. 60  "  ■ 

14.  A) 

46*. 

26. '.'3 

IH,  6 

.4-*^ 

22.05 

32.  ,-s 

164.  1  • 

. 

25.63 

15^.S» 

3s,  pi 

1S2.0 

,~:o 

*2.  7s 

Z\6,\ 

4i.55 

176.  S  -  ■ 

.  :''>4 

3o.  35 

ar,  -to 

104.0  '* 

.  '*4) ' 

47.0s 

244.0 

Humiut)  Rite 

Fraction 

.3 

16 SP  */\ 

dp  iT 

V  60 

Bum  mg  Rate 

2. 72 

W  ill 

.060 

I  37 

12.30 

14.  s6 

10.90 

14.  CS 

27.04 

21.3/ 

2..53 

.211 

16.20 

3S.  36 

29.69 

6S.  11 

.  356 

16.15 

42.64 

3S.33 

SS.  4.S 

.426 

2U.  to 

49.92 

46.  St 

137.2 

.562 

22.0s 

S6. 16 

S9. 76 

163.7 

.627 

24.00 

S9. 2ll 

70.26 

240.3 

.617 

2S.BS 

S9.26 

60.16 

Ten  #71 


felt  »7J 


Loading  u«‘!y  .i 
Prv -Lixadiiui  jai-l 
Max  Preinure,  |ai-i  '  • 
Dunu-ier,  ii'-I.Oe 


Pr<- 'Uiading,  |«i-tS.00U 
Max  P(euut<  .  lat-SS.OlO 
Diemetei.  'n-t.Oti 


Loading  Dx .udf  ‘  **  xx*t220 
Pre-loading,  jei  IS.OOO 
Maa  P?«Hui«.  (Hi. 76,  )  10 
Diamelfr.  in- 1.06 


Length. 

PXM 

111-1.60 

dp  dl 

xio'* 

F;^  tiOn 
'■ursia  1  (/) 

L<'i..iih, 

p.xio‘ 

%1|*  M 

:xtu 

16.  ?« 

50.27 

.  u*- 

t*.  is 

6.6 

20.  10 

■.'0. 13 

1.  i 

•M- 

22.05 

*4.  3 

24.00 

136,9 

•  1.4: 

.2?s 

25.63 

17%.  5 

3!. SO 

256.5 

1 

.121 

29.20 

20S.0 

35.70 

30%.  5 

* 

.  4***i 

32.7% 

22%.% 

39.00 

346.7 

Aa/.: 

.503 

39.93 

2SS.I 

47.40 

390.0 

2*3.0 

.097 

43.50 

151. 1 

SI.  <0 

377.9 

313.4 

.  761 

47.0% 

234.0 

longlh,  in-t.M' 


Ru'-.tivi  Rate 

Itl  %<< 

Fra.'txxn 
Mumed  (2) 

PXI0‘* 

dr  >it 

5 

xm 

tUimtHf)  Rm# 

m 

4,  34 

.0S9 

21.72 

249.6 

99.7 

7. 55 

.  179 

25.95 

XO  . 

.  , 

9».» 

.26% 

W.  II 

4>i»  - 

•ul  1 

122.9 

.351 

34.40 

145.9 

.419 

36.  «S 

S7:,v 

*.■4.  a 

196.2 

.60S 

42.9 

S6.3.4 

290.6 

224.4 

.666 

SS.S 

SIS.O 

tt9.  S 

247.1 

.76S 

1 

\ti  0 

40S.2 

Fraction 

P|iF-ird 

.  tot 
.11)6 
.270 
.JSi 
.4iS 
.SI6 
.S96 
.676 


Fraction 
Otimed  |Z) 

.US 

..-a 

y-n 

'il 

.m 

.m 

.m 

.760 


COMPOSITION  B 


Ti'tt  • 

Trtt  *66 

T««  »6T 

njity. 

U>iJ4l2'4 

iuir\ .  . 

i  -v  -.  !t0 

LojJio^  Dcntity,  <1 

CC-. 164 

a, 

5.'X» 

< 

•  •  ( 

O.OiJO 

Prv-U>4>Ung,  pti-S.OOO 

fv, 

5S.  UAJ 

Max  Pri'*<u 

44,  140 

.Max  Pr»-!‘. 

i«i  42.^20 

I  m  -  1 . 0^ 

Dia!V.4t4‘r. 

;a  l.Or. 

Diamricr 

ia-1.06 

't.(0 

Ltfa.il!i,  .H-I  .V4J 

l.^aalh.  ii. 

-1.20 

<ip  a: 

KIO'" 

Rit. 

sa  »*  .• 

Ft4.'tk>SI 

Burtti'J  (I^I 

p\;o 

<•«  !• 

U’ 

tiuruitui  Kal4r 

F.-a.ti.'a 

.5 

Up  lit 

-5 

Burning  R«t< 

Fractioa 

•6  .  * 

■% 

.Ot*,' 

i:.  W 

14. 

JO. 

.  101 

S.BD 

).42 

1.71 

.024 

••  ~ 

.  • 

14.  .J 

4.  ■.  J  i 

•  4 «  » ‘ 

.  I»6 

».40 

6.2t 

).«t 

.too 

■lo.  > 

a* 

.ill 

16, 

»  f. 

-  *.  n  * 

.::o 

11.00 

14.56 

11.77 

.I7S 

>> 

f>:.  u 

.  456 

la.  ' 

4*. 

»•'.  ' 

.u» 

D.CO 

27.04 

16.92 

.246 

li*.  :* 

>i  45 

.  4i6 

A),  to 

4*.  *; 

4^.  i! 

.445 

14.10 

6).  44 

44.  )7 

.)9) 

'if.  ‘ 

n:.: 

.56: 

::.o5 

'*5.  ;*■ 

V',  'u 

.S|6 

24.00 

9S.U 

77.26 

.612 
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TABU  Ul 


CLOSED  BOMB  AND  STRAND  BURNING  DATA  FOR 


Tea  *32  Tea  *33 


Loadlag  OeMiiy. 

9.  CC-.249 

iaatiag  DrMily,  g/cc-.  273 

Laadiag  Oil 

Mu  Rtvaate,  i*. 

-4S,  140 

Mu  Ftiaua,  pei-90 

44D 

Mu  Freau 

Oianeui, 

a-l  2S 

Diameter, 

a>t.2s 

Oiaaelcr, 

LeaglK,  w 

.t.«> 

Lergtli,  ia 

-t.ss 

a 

-3 

dp.  <fc 
-S 

Buntag  Rat 

Fran  MB 

.3 

dp/dt 

.s 

Bwaiag  Rae 

FraciMa 

.-3 

PX!0 

xto 

I* 

»  * 

>V1<\ 

x»o 

RermdfTI 

PX»0 

«.34 

2.U 

1.43 

.IS7 

4.34 

2.70 

1.47 

.  143 

10.39 

ti.Qi 

4.3? 

3.(-: 

.294 

12.  OS 

•.24 

2.49 

.34S 

».!9 

17. 13 

S.u$ 

l.M 

.424 

17.  BS 

5.74 

3.4S 

.isa 

20.94 

23,  $7 

S.92 

4.M 

.SS4 

23.  S7 

4.7* 

4.70 

.904 

39.75 

2».  31 

B.3S 

4,30 

.«7a 

£r.3l 

7.31 

i.11 

.417 

40.  $4 

3$.0$ 

7.22 

7.0$ 

.725 

30.32 

M.ti 

7B.W 

Tea  *14 

TWIB17 

laidWB  OMtMy. 

f  CC..1M 

U.. :  ag  De«*Ry,  1X7 

toadap  tM 

Mu  Rmaa*.  pit 

.M.4N 

Mu  Rnaiia.  pM'^X.OBS 

Freda  4.e 

D«*4iwtr», 

M.I.2S 

Olaaaarr. 

a.|.2S 

MuFmmm 

UagtA.  a 

.1.10 

Ueg*k  a 

.i.ts 

DUari** 

Uagik  ... 

-1 

FncMui 

dp.** 

Bwa^lUu 

TimUm 

REM  * 

*10 

RXIO  * 

xto  * 

••■.me 

0  adff) 

FXIO 

•.M 

U4» 

I.M 

10.10 

A7t 

M4 

4$.  07 

i>  (*B 

.144 

10.  IB 

7.  SI 

Adi 

».M 

(7.Bi 

4.U 

l.«l 

.m 

9.M 

M.0I 

0.10 

.$» 

M.Bi 

21.  sr 

7.11 

4.«l 

.m 

».7S 

10.  M 

a.<$ 

.Ml 

10.7$ 

EB.tl 

t.70 

%.n 

.Ml 

•.M 

B.t7 

10.01 

•27 

BS.«« 

7.14 

7.  If 

.MO 

BB.41 

4.  »' 

1^4;. 

*•1 
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TABLE  UI 

CLOSED  BOMB  AND  STRAND  BURNING  DATA  FOR  ARP  PROPELLANT 

-:rt  #33  Tett  »39  T«it  »41 


^Badicg  Drniit)’, 

g,  CC-.  273 

Loading  Density,  g/cc-.  393 

Loading  Densiiry,  g/cc 

-.  297 

P’.«sjurc ,  p>i 

-SO,  4-10 

M;ix  Pressure ,  pai-83, 600 

Pre -Loading,  pti-lS,000 

^Bamcter, 

in  - 1 . 25 

Piameter, 

in-1. 25 

Max  Pressure -82, 425 

IHnqth,  in 

-1.5S 

Length,  in 

-2.20 

Diameter,  in -1.25 

Length, 

in-1.70 

H_  -3 

dp,  it 
-S 

Burning  Rate 

Fraction 

-3 

dp/dt 

-5 

Burning  Rate 

Fraction 

-3 

dp/dl  _  „ 

Burning  Rau 

Fraction 

^10 

x:'> 

in/scc 

Burned  (Z) 

PXIO 

YtO 

f..  •- 

n..n.*d  m 

pyin 

vin 

in /fee 

Burned  (Z1 

H.  34 

2.70 

1.47 

.143 

10.39 

5.00 

2.33 

.154 

25.07 

11.57 

4.96 

.172 

B.08 

4. 

2.49 

20.  18 

10,  27 

4.18 

.289 

29.  Be 

12.88 

5.77 

.252 

H.  S3 

5.74 

3.65 

•  wUO 

29.96 

14.01 

6. 10 

.417 

34.56 

14. 62 

6. 87 

.330 

H.  57 

>>.  79 

4.79 

.504 

39. 7.S 

16.70 

7.95 

.537 

39.75 

15.75 

7.81 

406 

H.  31 

7.  31 

5.11 

.617 

49. 54 

18.27 

9.83 

.650 

44.64 

16.53 

8.74 

.553 

H.OS 

7.22 

7.05 

.725 

59.32 

17.84 

11.45 

.758 

49.54 

17.66 

10.07 

.624 

H 

69. 11 

15.23 

13.01 

.859 

54.43 

17.40 

11.51 

.694 

H 

V8.90 

10.88 

17.78 

.956 

59.  33 

16.53 

12. 19 

.761 

I 

64.21 

15.33 

13.04 

.B2B 

■ 

Test  #37 

Teet  #42 

blading  Den5it>', 

g/cc-. 327 

loading  Density,  g/cc.  331 

Pressure,  p(i 

-62,065 

Pre'loiding,  pst  15,000 

ameter, 

in-1. 25 

Max  Precure,  pil-98, 500  (appioa) 

ugtli,  in 

-1.85 

Dianwter, 

ln-l.2S 

Length,  in 

-1.85 

Stmod  eumlog  Ten 

10-^ 

dp/ (It 
-5 

XIO 

Burning  Rate 
in/sec 

Fraction 
Burned  (Z) 

PXIO'* 

dp/'h 

xio’® 

Haittlag  Rett 
In/aec 

Fraction 
Burned  (Z) 

Preifure 

iMmirg  Rau 

.39 

4.  79 

2.34 

.195 

25.07 

13.05 

4.65 

.143 

10.000 

.  !8 

7.83 

4.21 

.  34B 

29.96 

14.79 

5. 43 

.109 

15.000 

.96 

13.01 

6e  lU 

.530 

34.86 

17.52 

6.47 

.274 

20,000 

4  00 

.75 

10. 88 

8.  IS 

.683 

39.75 

23.92 

9.41 

.SIB 

10,000 

S.So 

.54 

9.57 

10.02 

.827 

.33 

4.  35 

11.42 

.963 
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TABU  IV 


CLOSED  BOMB  DATA  FOR  EXPERIMENTAL  PROPELLANT 


■LAN! 


T*«t  «IS3 


Teit  *84 


Loadinci  g,  cc-.  204 

Max.  Prctsuif,  p>i-‘t2, 720 


Loadiug  Deniity,  g/cc-.  204 
Max  P:c.«uK,  ^>-42,200 


I 

mJ 


Diamcti-r, 

in.  -t. 

2S 

Diaiiieti. 

,  in-1. 25 

Dl 

Ltugth,  ii 

-1.00 

Length, 

in-l.OO 

Le 

.  } 

dp.  dt 
-3 

Buniiog  Rate 

Fraction 

-3 

dp/dt 

-S 

Fraction 

PX<0 

XIO 

in  ICC 

Burned  (Z) 

P(i0  ) 

OO  ) 

dx  'dt 

Burned  (Z) 

P(I 

i.9 

1.62 

.S4S 

.049 

3.2 

1.6 

.838 

.085 

3 

3.2 

1.-:: 

.858 

.084 

4.  S 

7.4 

i.3I 

.119 

•t 

4.S 

2.92 

3  '/ 

.117 

3.8 

3.2 

1.78 

.153 

10 

S.8 

3.38 

1.95 

.131 

8.4 

4.8 

2.77 

.219 

16 

7.1 

3.9 

2. 17 

.184 

11.0 

6.4 

3.83 

.28$ 

20 

8.4 

4.94 

2.80 

.216 

13.6 

8.0 

3.0$ 

.349 

23 

9.7 

S.BS 

3.39 

.249 

17.3 

10.4 

7.12 

.447 

36 

li.O 

6.3 

3. 83 

.281 

20.1 

142.3 

103.8 

.307 

U.I 

7.13 

4.33 

.313 

21.4 

173.7 

131.0 

.338 

iJ.f 

29.2 

11.1 

.34$ 

24.0 

197.6 

161.3 

.398 

Tan  «•? 

loadiof  IVnaily,  g  cc*.  408 
Max  PrcMurc,  (•t.70,  S70 
DUmrtat.  m  I.ES 
L«agtk.  tn  !.S0 


Ttw  m 

toadtag  Drnilty,  gf  Cc.tBSS 

fi*-t»a<Ui«g.  ^i-S,000 
MaaPtMMw,  gal*BS,  SOO 
Dtamaici,  ta.i.2$ 


Unglli  In. 

-1.23 

PMO'*) 

dp  dl 
dO'* 

da  dl 

PractM 
anmed  (Z) 

9110’*) 

dp/dl 

.3 

(10  ) 

di/di 

Fraction 

•n>otd(2) 

2.71 

2.(M 

.611 

.l»4» 

4.8 

2.6 

.  *  «a 

4  12 

4.10 

1.64 

.083 

9.1 

3.4 

ina  4  • 

-.03 

8.32 

3.37 

.133 

13.2 

7.3 

a.  16 

.13 

•5.4 

14.0 

3.93 

.233 

17.3 

163.6 

73.9 

.21 

•',3 

N.0 

42.6 

.2U 

21.7 

240.6 

117.9 

.11 

19.6 

193.0 

63.6 

.321 

26.0 

!3r.9 

.16 

21.7 

273.0 

122,2 

•  iSi 

10.2 

100.0 

3M.1 

.43 

21.8 

146.4 

190.3 

.363 

14.4 

416.14 

>i<  0 

.32 

26.0 

191.0 

163.3 

.417 

34.4 

901.6 

260.8 

.319 

43.0 

4''4  0 

291.6 

.481 
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i^i| 


\7i 


}1 


•-< 


rARI.E  IV 


:losed  bc^b  data  for  experimental  propellant 


Test  #84 


Test  4)85 


Loading  Deaiily,  g/cc-.  204 
M)U  Pressure,  psi-42,  200 
Diameter,  ui-l,2S 
Length,  ir.  I.On 


Loading  Density,  g/cc-.  255 
Max  Preisuic,  ;si-57,  800 
Oiametei,  in-1. 25 
Length,  in- 1.25 


Fract  on 

.3 

dp/dt 

C 

Fraction 

dp/dt 

FractiO’ 

Burned  (Z) 

P(10  ) 

(to  ) 

dx  dt 

Burned  (Z) 

P(10  ) 

(.0  ) 

dx/dt 

Burned  (Z) 

.049 

3.i 

1.6 

a  UxeW 

.085 

3.8 

2.*> 

1.14 

.073 

.OS-i 

'V 

1 

L.  W 

.  li-* 

'.  i 

5.2 

2.34 

.141 

.  117 

5.8 

3.2 

1.78 

.153 

10.4 

7.8 

3.62 

.204 

.  151 

8.4 

4.8 

2.77 

.;t9 

16.8 

!?.0 

6.48 

.326 

.  184 

11.0 

6.4 

3.t: 

.2(15 

2u.  t 

189.0 

88.0 

.385 

.216 

13.6 

8.0 

S.OS 

.349 

23.4 

253.5 

138.4 

.443 

.2-{.» 

17.  S 

10.4 

7.12 

.447 

36.3 

292.5 

208.0 

.666 

.281 

20.1 

142.  S 

103.8 

.507 

.MJ 

21.4 

173.7 

131.0 

.538 

.MS 

24.0 

197,6 

161.3 

.598 

Test  «88 


Test  194 


Loadiug  u«44ii;,,  g.ee-.455 
Prt-laadtug,  pii-S,000 
Max  Ptesnire,  psl-6S,  900 
Diameter,  ia>l.2S 
Unglh  in,  -1.29 


Loading  Density,  g/ec-.  977 
Max  Pitssurc,  pal-SP.OOO 
Diameter,  in,  -  * .  *« 
length,  in. -1.27 


Frawtion 

d  (2) 

K»o'*) 

(lO'*) 

dx/dt 

Fraction 
Inined  (2) 

,047 

4.1 

2.6 

I.OS 

-.0065 

.083 

9.1 

5.7 

2.17 

.073 

.153 

•  3.2 

7.8 

3.M 

.15 

.255 

17.5 

163.4 

7’. 9 

.23 

.2U 

21.7 

24  3.4 

117.9 

.31 

.Ml 

26.0 

3t7.2 

.57.9 

.36 

.353 

.0.2 

390.0 

■  ••6.1 

.45 

.385 

14.4 

416.0 

»6.0 

.52 

(PIO'*)  (10*) 


Fraetiun 

•umed(Z) 


Table  V 


Linear  Burning  Rates  of  Rohm  &  Haas  QZ  Propellant  Ootained  From 


Closed  Bomb  Test 


Linear  Burning  Rate 

Calculated  Surface  Area 

Pressure 

70“F 

-60  ®F 

PXlCf3 

in/sec 

in/sec 

•  60  ®F 

S.8 

2.04 

1.55 

11.0 

3.91 

2.82 

16  2 

S': 

- 

21.4 

7.34 

6^31 

• 

31.8 

8.92 

7.60 

• 

37.0 

10. 2C 

9.  54 

• 

• 

42.2 

11.25 

10.20 

4.95 

4.95 

47.4 

12.14 

10.77 

4.40 

4.40 

52.6 

12.88 

11. 72 

3.79 

3.79 

57.8 

13.20 

45.51 

3.27 

12.40 

63.0 

11.39 

42.  17 

2.67 

9.00 

APPENDIX  C 
FIGURES 


Fii^re  1,  Closed  Bomb  Test  TNT 


C-2 


Figure  2.  Linear  Burning  Ratee  of  TNT  Obtained  with 
C;  leed  Bomb  and  Strand  Burner 


Figure  3.  Expected  Surface  Area  vs  Actual  Area  Obtained  for 
TOT  Cylinder  Burned  in  Closed  Bomb 


C-3 
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f'RESSURE  PSI  (THOUS)  PRcSSURE  PSI  (THOUS) 

F4^re  4.  Closed  Bomb  Test  Composition  B 


MCttuni  »  Ik /In 


Figure  5.  Linear  Burning  Rates  of  Composition  B  Obtained  aim 
Closed  Bomb  and  Strand  Burner 
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Figure  7.  Closed  Bomb  Test  AFl.  -  Propell£>r.t 


Figure  7.  Closed  Bomb  Test  ARP  Propellant 
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C-10 


Figure  XO.  Linear  Burning  Hate  of  Experimental  PropelUuit 
Obtained  with  Closed  Bomb 
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Fl(|urt  11 .  Expectvd  Surface  Area  va  Actual  Area  Obtained  for 
Experimental  Propellant  Burned  In  Closed  Bomb 
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’U.ire  12.  Closed  Bomb  Test  Rohm  and  Haas  Pn  pellant  Composition  QZ 
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